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SULMALY

wultiple-cholce Intelligiblility tests vwere 'rvul()"‘ef’1 dnri*g Vorlid
var II for measuring the results of training ir velce communicatlon.
‘e tests have been applied only In situstiors in whiech only g 66
caslonal weasurement was required that emploved ULlie same perscnriel, as

Laiure and cftsy plesarocom Instrinctiorn. this restrictior arnse hecause
of tie inflexibility of the “nlpJpLg-cL01rc tesctes end the veat::ctlors
imposed by & sirngle formal printed ansver {cru. 1ore recentlsy, ad-

o ia
in evalueting equipment and the nericr-rice of onerabtors. Summeries of
approxinately 20 =uch avpulicetions comprice this report. +he fcpics ol

&

ditloral lorms have beer: deviged nn1 the teels have heen used extrngively

tynlesl vees Ircludé eviluationg or wvisual aonltering of volce level,
tewoozal recularlity of volce sirfrsls, the relztilve ln‘xlligib¢lity ol
recorded spsech, a relationship hetwe or. @ "freé-roes™ irs
""7"?"":'z>i'!.i'tj', the comdonents ¢ Lhe rereit rdlo sys%edy
comnarisons of alterrnative hersdsélbs and »icronheres, nnd bone-conductlon

maskinm,
-

A gineplar wiilization of the wultivle-~eroler testes is trrough
gontrollirc “he cevavatior bLime of the teat 1t«ns znd delernining ih
ranidity with which the test items ca: te identified through comnarisen
systems,

INTRODUCTION

The several coriponents of a veice commuiiication system comuonly
reauire evalvation with respect to thelr afficiencx in transmittling
speech, The xmultinle-cheice wordé ‘ntelligibility test provides «
measure of the relative proficiency of hoth eou1pnort ané soeake -
listeners, as in a comparison cf scores earned before snd after train-
ing. One cet of these tests was devised Juring torld '=r IL {11) end
a similar set has beer cdeveloped more recently ot this Laboratory (4).
Fach set conslets ol a palr of 12 lists o1t either 24 or 27 word items
with the lists ecguated ior uwean cdifliculty and varlance of tne relative
receution scores of the individuval items, A listener responds to three
words thet are read with arn lrtroductory or carrier nhrese, the I'ive

vierds comprising & =ingle units. Lis respornse to & test item is wo

- 3 3 3 § A = st N -~ P R « T R oot 2 i W
grew a line through tihe viora ue nears s ullie C1I &a (Irouipg oL i four ' SPT Al
word: thet appear togetier on his arswer form. [lhese four words in-

clucde the test
ouer.tiy s mirteves whel *the stimulus vword vas presented in writ
down tests,

<
itex and the three words that vere written most fr
e

1 O

&

Histerically; intellipgloilily tests were employed in the evaluation
of commurication eguionrent before thev wers used in messuring the spesk-
ing efficiency of talkers. Engineers of the nell Telephone Laboratories
teated the comnonents of telephorie systerms 1in this manner, and expressed
results relative to an orthctelephonic syvztem, l.e., thne articuletion
score ir oulet at 100 cm. through 2ir in a sound-treaced room (&), (An
elecirienl eonivalent of the orthotelephonic system was construcied,)
Zpeech tests were widely used Auring lorld L.ar I1 teo evaluate al.lma-
tive eouinmenis, The tvnical tests were write-dows: us fT o method; of

1>
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responses usiny word, §;l)&b1v, or :°utauce witegs Whe Inter-prelations-
ships amwong these three were orculated (6,7

Cne purpose ol the present revori is (o procent thrcugh 1llva-
trations the useluliess ol the wultiple-chicice iIntellivibility testz
in meesuring and ap OraiqLué the volee =X mel and coamunice tion e-

auipment. o ﬂdvautﬂrr ig C]&luxv -or these tegshy over conventiongl
writc_dovar forme wiith veperd Lo sithicyl wplidity or reliabllitys The
maliiple-cholce temis, however; ore mere eceromlesl In “ime o0 scoring
gnd sesn te offer g more a;recahle task than vwrlte-down tezis Lo ex-
nerisnental subjiects, <‘his latter fact sar be of consequerce valyv in
circumstances that irvolve amabevnr experimentol oot echtse Dither a
template or Im equlpmeri oy he uoeg in gscoring listeners' responses,
depending on the tyne of ansver .orm viwet ls emoloyed, A necessary
precavtion In intersreting the exan las of the pregent report relates
to the "circuvlar" Luplication that sirce the test listinguishes among
experinental corditions (a) the teret is "good"” and (k) the corditions
are "iissiAjlar." iris precnution is ecpeciolly relevant since nost
ol the iL

ustratlons hereln ars presented £t prpérinental fir rczth—-
a gecond phT?O:P of the renort=-as wvell as exauplss of
of the multinle-chcice tr=tz,

Me applications of ‘ ts that are discussed
with reswvecti to the eval : of savivrent and igs opﬁra*ion are
crouved ruder rour heeding [ "volce sirmal," s comparizen of tvo
or mors modes ol perfor ro operator; (v) direcct comnsriscnse
of alternative eq ninwepf 3 sronse PEakl.e&° " a comnmarison of
the seeres of Iiutener .hen “hev hear especially recorded TEBLE,
controlled in speesd, via alternative ecuiocments; (d) "esfficiency in
roige," a comparisop of the QCGP@“ of listeners wuen hearing recoréines

ol t"o tests vie allerrative sgulpmentes ¢& renmroduced throuph ern arti-
ficiel volce in 2 corntrollad hCiSﬁ environment,

The majority of researc ae%~ hoe worlk with oroblems Irnvolving in-
telligibility are asccustomed to t ations that invelve a linited number
of trained listenin: crews. 3ove ol' these crews work prclessionally
as listesners. +the studies of the prasent revort vere conducted with
panels of listerers who served as experimental subjiects et most for
three or Iour ¢ifferent experimerts {colloul: o a hriel perlod of in-
doctrination or treiring.

Pour forme of the multisnle-choice tests are relerred to as lorms
A, B, C end Ds rorms A end L are the Haagen trst, 24 items per list,
218 tormag G °nd D are the one¥ locrlly Jeveloped, 27 items per 1%
(11,4).
. 3=

AFFLICATION 1: VOILCE BIGLAL

“uammarles of tests related to =vesker cerformarce followe. In
treee instances the snealer is viewed as en operator of voice com-
mur ication eguipment.

A, Visually monitored volce level. Lirnetv-s
subjects-~research personrel, unfamliliar witli the

wale exverimental
3 ¢xcept (lor

-y



Indoctrination snd practice in the testing procedvre--read the intol~i—
gibility tests of rorms A and B. Esch suhject reaq from a gmall scuncd
treated room in the presence of %5 db of recorded aircreflt rolse. ie
spoke into an Altec-lansing 21C chest-plate microphone, pcsitioned ¢ix
inches from his uouth. (Uirections ror the sperkers are reproduced in
Appendix A.) The side~tone under ithe earphone cughions of the reader
was approximaiely 105 db, itk peak value Indicated from o probe tubea-
condenser wmlcrophone system and read on a FHewlett Packard voltmeter
{Modd 400~C).

Fanels of listeners cat
room spari [row Lhe svéakers

ii» tatlet arm chairs ir a =

TS & S
aircraft :oise, proseller type % The listerers heard
eal

PPN | 2. iy~
BNG a0 wWie DIESsSenco cf 1

T a
. he tesgts through
H3-Z28 headeetr, Jhe modal pealr value oi' the speech-lto-noise ratio under
*he listerers' earphones was 10-12 cdb as irdicated bty the probe tube
syvetem,
vhe obhirct was to te the efl=ct noon intelli ivility of & visuel
“*r*f-r*rﬁ svaetem for the si;rnl lovel of the sverlker, ;o.~¢vc*P1
redios anc vcice recorsers “ypicells Include = visual nitorines device
khat serves bhoth to warn "he operator ehout o slirnal 1ovel wut is too
weak to be reedable erd te nioctecet mrainst ovowdrlvif" tne equipnernt-=

in other words

O

ctee cad
to increase the llkelihood oi" control of the level of

<

. ood

the *ignol at tle zource. <he vresent comparison vwas ‘o explore the
nvossikilitv that listeners' speech-rscentlon acores ml-ht be aflacted
by uvnmonitored and verving volce levels in the sans narner as egu’pment,
ani that & viguzsl oriqorlug device mirlit serve to stabalize the sound
oressure level oi' the snealer,

Cne hall o the experimental subjects read under the standarc
directions {(Appendix A). ihe remaining half read with the additional
instruction, "Keep the needle of the VD meter at minug 2." The nre-

scribed relative level was the typical velue of the sirmal when s
prellminery zroup of subjects read the tests under standard instructions,
Lence, 1t was not né¢ceasarily Lthe optimwun level., <The order of these
experimental conditions was reversed [rom one penel of 12 spesker-
listerners to ancther,

4 The yooms that were used in the studies of thir report hate & nelss
level in auiet of 27 db (Genersl Ledin meter, A scale) and an isolatlon
sttenuation of 55 db. The walls and ceilinc asre f'aced with Johuis-isn-
ville "Iransite." The [loors are carveted,

The nolse of propellier-type alirplanes is 3_O§UCV” by a larvard
cenerator; white noise oripgirates with an H, He ott nels censrator,

Type SlO—A .

A 50-watt emplifier feeds four Altcc-Larsing 287-. aaplifi=srs,
250 watts each. Fach 297-U amnlifier drives one of a bark of four
Altec-Larsing 515 low fregusncy reproducer units mounted in a wodified

A=2 baffle with fcur Altec 200-3 hilch frequency drivers wounted on top
of the 515 horns dispersed iarongh a mnlti—cnli:” hom a1:d four Altec

202~C "guner-tweeters" mounted withirn the fleir of the A-T hom,

ry



tesults., There was no statistically cignificant diflererice belween

the intelli“ililizg scores that accompanled t

i he two condltione : means,
"monitored" 6&.9% vu, ot monitored" €7,7.; t = .50 (C4 ¢.[.}. “there
are various possible exulanatLons ol this ne{ELive result inclvding the
one that the test was not suflicliently sensitive to Jdetect a di Ct:y

rthls latter possibllity seems improbable in view of 1 (helow). &
explenations would be Lhat the acoustic rwonltoring system supplies cn
that lead to hoth an adequate sound nressure 1ﬂv01 and sn even level
and that a visnsl system is "rot iollowed zuvway." As stated shove,
the selected rerference level was not necessarily the optiloum o“e. fnere-
f'ore, the vicw that the acovstic monitorir- .mstpm vields an "acecuate
level™lar outside Lhe scope of the study. ‘he poastbility that the
celected level tends %o be maintained evenly is consistent with & (ke

Low)
and the irniicatlon therein *that the speaker is sensitive to the accustic
feedbhack., The cuestlon of wrether the visuval svyvstem is followed or not
leads to er. examinatior of the stancderd deviations of the arrays of
scores. Presunably an effective visual system would increase the lcvel
of "weak" voices and decresse the lsvel of "stronr" voices and, in tum,
reduce the variabllity of Intelligibility seores he cobtained standard
deviations were: visuallyv monitored, ©,C monitored,

11.9.. These values micht indicate tHa? the ; “.owed the system
and thet variabilitv amonr volces was rednced 20fe 28ir o the mean
intelligibiiity of the group.

Be Side-ionao: acoustic refllecticrn & she soimd
pressure Level ol the sneech sirmel 1is a na} icer Intellici-
bility (1,3,11,12,13). <rhe level at which a srealrer talks iz, in tum,
affected by corcitions that deternine the level with whiich a spealer
hears himself, in other words his side-tone cr a~accustic ieedback, Rooms
ol ciffering sizes and reverberation time are lmown to alter the level
at which & person talks (2). Vhether o : el is

3

U)

© o1 not tixls change in levse?
sufficlent to affect the spealker! nt. 1ligibility has not been deter-
mined., ioreover, the multiple-choice intelligibility tests were con-~
structed for use with a nolse barrier that would atteruste the scores
to the mid-range of t k- ccale. The level of this berrier was nor"ally
110=114 éb in an "intercom" situation and 68 db in a "free-roon" ecir-
cunstance,

An experimental conditicn was desirable that would (a) =2
a listening panel and (b) provide a "minimal" change in the s
acoustical environmnent--somewhat comparable to a chaﬁ~ ind
"acoustical treatment” vs. "no acousticel treatuent" in a room. it
these condltions oresent the effect of alftered circumstances of side-

tone upcn "free-room" intelligibility might be tested.

A "quiet” corridor R6' x 7' x 8' was made svailuble under an
arrangement in which only the exrerimental svbjects and the experimerter
were ip tre building. The ceiling of the corridor was sound treated,
the walls of hard plaster, and the ficor of polished hard wood. ['iIlteen

tablet arr chairs were placed at right angles tc one wall of the corri-
dor, svaced four feet from center tec center, with one chair 2¢ feet

P bl "speaker end" of the halWAQy. At this end two facing doors

led to rooms that were adjiacent fo the hall, One of these doors was of
hard surfaced; polished \ood; the other was covered with felt and opened
irto a sourd-treated room (5 gnrfaces, acoustic tile; the floor, carveted

sl



Twelve panels of 18 experimental subiects participated in a series
of testing situations in which 12 members oi ezch panel read the in-
telligibility lists of rorms A snd 2, DIach spesker read two times from
a pesition midway bectween the two doors,; four feet from the end of the
hall. The felt-covered door to Lhe sound-treated room was elways opene.
In one instance each speaker read naturallv” in this air line. In the
octher experimental condition the subject read with an Ear Viarden (V-51k)
fitted in one ear. tor nalf thc ""hiectq the Ear Varden was In the ear
facing the polished door; lor the other halr, in the eer facing the
sound roof,

‘The crder of conditions (Lar Vardens vs. no Bar Y%ardens) was
counterbalanced among panels and the order of "Ear Viarcden in the right
ear" vs., "Eer Warden in the left ear" was counterbalanced among the
"Eapr-Tarden" conditionse. lorms A and B of the intelligibility tests

were counterbalanced anmong the several concditions of reading.
(57

An ‘assumption in this investication was that the speaker would
adjust his speaking level, in part, bty the 3ound pressure level of the
sound waves that were ref{lected from the polished docr and impinged on
his ear. Thus, except as factors such as differences in the level of
bone-condncted side-tone micrh%t have to be talien Into account, an Dar
\iarden :n the ear avicy from the door would not affect spesker intelli-
gibility (through an alteration of vocal sound pressure level) while

an Ear "arden in the ear facing that door would effect intellipribility.

Results. All mean speaker intelligibility scores {or the different
conditions were high, ranging upward Crom 87, Such scores were to be
expected in view of the absence of a uoige varrier., '‘he mean scores

for 144 spea¥ers in the "no Ear varden" vs. "Dar ‘aracer" conditions were
87.4 and R8.0,. respectively (t = 2.80, simnificant at the 1% level of
confidence). The mean sccres for the 72 subjects in the "no Ear Tarden"
vs. "Ear Varden facing the open door" conditions were A7,7 and 88.6€.
respectively (t = 1.14, not significant) 'he meen scores for the 72
subnecus in the "no Ear “arden" vs. ”bcr Larcen lacing the 'reflecting!
door" were 87.4 and £2,9% respectively ¢

level of confidence).

(" [e]

,.7

4 3
- >

2.57, significant at the 1,

These results would suggest that (a) the monitoring sicnal for
the speaker came 1arge1y from the reflecting curface, approximately
three feet from his rigcht ear, =2nd that (b) when this surface-car ex-
terior pathway was rendered 1pn\f :ctive, the speaker, emrloying some
other cue for "natural level," increacnd his voice level sufficlently
to affect his intellicsibility scure to & statlstically simificant
Geisree. 1o uieasure of this chanpge in ph ;as availablee.

The difference In intelligiillity score eocuivalent to
the dﬂ”fererce in liatener-sernaration” distance ¢f 12 feet In the row

e
L= 2
of seats [rom 28 Lo ©0 feet rci: the spealrer,
IlodiTication I. “he sitncdy described immediately above was con-
ducted in quiet under an ac vig £
werrinT off all imobtors i
urit and a water cooler,

oo db, achiicved after

i» conditioning
>dure vaeas reneated
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Bech of 1¢ expsrimental sihircts read Pour lisis ol Forms A and 3
of the multiple-cholce Jntnrli,“»Jl4*” test to nanels of 12 listeners,

sroth listeners and speaker. were surrounded by 110 db i sinmulated air-
cralt nolse, proreller tyve, DIach speaker exprrlcrnccd fonry levels of
side-tone as he read: '"normal" (anproximately 107 4h as described in
A, above), - 14, - 27, and - 38 db., ‘Lhe order in nich the {ouvr levels
vere oresented wae counterbalancecd amonyg the 1€ speakers. In addition

to intellig bility scorez,; a relative neasure of vocal level was ob-
tained from grarhiec recordings of the snoken materiesls {(Sound Apparatus
Co. power level recorder;.

Results, DBoth the mean sound pressure level of the speakers and
intelligibility increased systematically with decreased level of =
side-tone. An incresase of 15 db in vocal level was occasicnzd by th
38 db attenuation in sice-tone, on overall ratio of 1:3 dbe. In suc-
cessive steps ths ratios (vocal level increace: 3side-tone attenuation)
that resulted fromn the attenvation settirips were 1:2, 1:%, and 1:4 &b,
Thus the first <decrement from "normal" side-tone produced the greatest
increment in volce level, The increment in voceal level that accomperied
the reductlion in side-tone bore an oversll relation to intelligivility
of 2 db = 3%, In successive steps Trom "nor:al" si -tone this was 1 &b

1% 2 db: E%3 and 1 db: 4,.. Thus, althourh the final step in the
attenuvation cf side-‘on (11 éb) éid not produce a uarked ircrease on
vocal level (2-3 db) e increment in vocal level sccounted Lor the
most marked single r intellipibility (3.).%

D, Fegularitw

8 truction "telk naturally"
is commonily inrciluced in a rinal nvhase 3
)

itarr voice-comnunication
rai.ce Yo vatterns ol vocsal inr-
nded

o

courses, trhe dtrectior lrac grocinrl rele
flections as; @ ;jroupinrs ;

Pl

25

s ot vords anrd is intended to apoly to zspents of
talking that are rot specificelly treat-d In precscinc zections of the
training prosram in voics comruriceticn. One assumption is thst "ir-
regularity" within an uttered sequeice of closely related words deters
intelligibility. TFossibly this view (orxvc frow Lre comrniorr nction
that irregularity is cetrimentasl tc the Orc'L_RFS aspect of spesch
and pessibly from the "value' that is ovlaced on 1luvercv. <Yne nultiple-

choice intelliecibility tests sre comprised of three-viord croups, each

read with a carrier phrase ("rumber 1" etc.) as though :he entire unit
were a Iive-word sentence., <Thus tne test itszelf cvrovides stimulus
materiel through wnich the effect of irregular temporal spacings of
words might e tested with respect to intelligibility.

Yorms A and £ of tae iIntclligibility tests were recorded on mag-

netiec tape in guiet "y cne trained speaker., e sveaker variec the

ordinary menner oi reading a list bty saying the thrce test words of a
rrovp as discrete itewms, l.e., with a stovrage of breath after each
item. These recordings of torms A and B were copled two times, One
* Subsequert to this study and with the cooperation of Dr. Harvey
T'7‘\‘m,he1r‘, a photostatic cony of an early report on the toplc of side=-
tone and ce level vias made avallable to the authors (¢, 1The re-

nort of O18 contains auantitative resnlts that relate directly to
the ones of the nrecent study,

'y
»



set of "copies" was ecdited to introdice

a silernt interval -4 gscc, be-
tween items cne-tvic and bhstween items two-Lhree of ench three-word rroup.
The intervals were the cuarter-second valucs vithir the rance (0-4 sec.)

and were introduced Iin random orcer.

The four recordings, tvio "repular in time pattem" (uncut) and two
"irrecular In time pattern" (cut) were pi avec baclk to €6 experimental
subjects, 24 hearing ssch recording. (ihe Lirections for Listeners in
the multiple-choice teste are civer in Apperdix .} '‘he listeners sat
ir 114 db of simulated aircraft noise, proveller tvoe., 'The signal-to-

noise ratio, peak r.m.s., under the ear-phore was 1l2-1% dh,

Fesults, The results of this comparison were negative. The re-
spective near intelligibility scores weret: lirre;uvlar, 21l.%/:; precular;
81.0{3 5, lel4, nonsignificant. Apart f'rom the prircipal comparison,
regularity vs. irrecularity ir the spacing of bhe itemq, the results
agree with other incdications that no penalty te intellirioility score

crues throu-h presentings the items in rapid succession rather than
spread out cver a "comfortable" period of tire.

¥e DHecordeg¢ wvs, live glsrals. :reguently in intelli-ibility
testin~, a recorder is nlaced in the commrication svstem with a view
toward reoroducii - the voice sigrals as cxnerimental stizuli leter,
ihis srrsrcemert is ecserntiazl in the avtomaitic oro remnirnc of stiiuli.
Also the stored stimnli mav be suhjected to scoustic analrsis. ihe
effect of the recorder-reproduccer link cn speech reception scores wac
tested.

Seventy-two »ale subjiects In groups of 1% read eitrer :orm A oy E
of the nultinle-choice tests. JIhe readine cccurred over a mock=up o
an eircraft interco nmicetion svsterm in the nresence of 110 ¢b of s
lated aircraft rcise, proneller twvpe. As a rnanel read, the lists were
recorded siaultarecvsly o roth a2 Presto 24l dlsc recorcer and a Stancil
ol fman -4 tape recorder. Ihe scealkers vere learc directly over the

"intercom" cvstem by their fellows who served rovtirelv as & listenirgc
pancle (rhig marner of administerins the tests is relerred t o as round
robin.,) he ouvtput of the axplidier of the "irtercom" syster was re-
coraed, “he rronr‘*“p cr.oireer sonitored the girral level cf the head-
set clrcvit with 2 VU .eter. A panel o. lictener-gnealiers, |

heard each other read rovm &~ {or =) ol Lhe teelt, then heor! the

riate test (sorm L or A) as 1t ihed bcen rocorded %y the precedin- nancl,
I'he oricinal level at the listeners' herdscts vas mairtained. Tris

cor:tinued throurh six panels Sub'eoueytly, othier nanels of listerers
neard the remaining set of recordinrcs,

Kesnlt The three sets of spealfler scores uwere treated by anzlyveis
of Variarce. “he F=ratic for conditions ("direct" scores and scores fron
two recorders) wee highly significant, r = 2¢,0, (£ and 71 < ccs of
freedoi )« he resoecilve nean intellicibility scores ior the three
"he basic meconre In 211 an 91‘ ces ol thls bLong 9 e oLt TS
err averarc seore Lhal was derivec I'ro. noollrc the peg s of Lhe
listerers vith re nect to oine coecaker,
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condl Lions vre e @irers, S0,153 dlse vocordery (%eSwy €0 labe recopder,
Q2 £ %a = . 1 - cae i ot ‘ .
R4,47., oth "recorder seeres” were gliy ifieerEly lovuer Lhan ths P14 e ™
scores, but wvere nobt siiulficantly different i'rom &nely other.

The scores yleldsd by the Ehres svstems were then tested to fird
whether the asoeaters! scores were only abtteruated by the recordins process
or altered in relative erit as well, PrOtvct—ﬂommnt coprnluuions of the
72 spesker scores were: live vs. disc recording, r, «85

35 live vs. tape
recordin;, r, .81; disc vs. tape recording, r, .88, Correlstion values
of this mernitude are commor in split-half 2nd test-retest correlestiors
and under the conditions of “he exveriment indicate that the recording-
reproducing process may be introduced into Intelligibility teasting with

caution,

1
testing emochasizes the renerslized aar. Jnis ear ls provided by -l
listeners, & crew or panel., -« requently, hourver, the seiie enphasis
not plucou on the . enerallzed volee. Indsed, 1l the drezent repord
ngtroces Sre repord . which ohe volice was utilized she i e
volved in ¢his crac 11

in phileh Instance twe ¥ &8 recorced rthe rrepler L858 Ol OLe i
the iutelliglibility tost. The recorded tests were reproduced |

' The reprcscntative volece. Ceauon sractice In Intellipcibility

.
implied In the tests of £pplicestio

~—

PO |
o e O

G Ser ers
n varvin:. circums Lu»cos of listeninge. As ithe aernditions oi 1l ne
became nore 3ifficenlt, Yie responses Lo the tvro volces were &:.Tecin
ulLlerJ“LLy over Gthe comparison ecquipments: ar interaction b(tr“e“ Lo
cuiomerte end voicesg,

Mg izual method for obtalning the cenerallized voice w Tth the
saltinle-choice tests ie ifhroush the vrse of the rouwnd-robin adeinistretion
of one for: ol the teet with each panel of 12 listener~speakers, Alter=~

iatively, either iwlti-cseckers ey read the lists, as many as 12
ner 'nﬂw, or ~ulti=voices may rerd the items within each list. In
recording thet was prepared in the latter manner, nine speakers‘vere
eavally snacoé azbout & nondirectisnal microphone and spoke with siinil
sound rressure levels. Fachi sneaker read ore line .rom each °peuscr
list. ~The sneakers rotated thelr order systenmatically from list to list

t

in & marrer that permitted each speaker toc read From {irst teo ninth
nositlen 4% rine of the 12 sveerzsive ligin. “his procedure bulllb
svealer variability into the recordsd lists and accoaiplished the “ongral-
ized volece uithir $ix¢ teosgh xpaterials emvlored

imslts: :he ligte thed were recorlcd in the @nner deseribed
above were rot <iiferent ir intellipibilicy as Tscored™ Ly 12 papels of
listeners. ihe rine °988A6¢g, cifieving sifnilficantly, were assigned
scores ransing Lrol 5,0 bo 61, (mean 58.1 +2)s I‘he same listeners who
responded @ o the "generalized voice™ also heard a .ingle trained voice
read a comparable icrm of the test. <ih “f»yeCtﬁV" @SS BCOores Wores

reneralized, B8.1:t sinrle welee, 77:3... The procecure of bullding
5 annears to bhe a rewarding

the penerallzed test into the greceaslve list
approoch where spplicable
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AFPLICATIOCY 23 1A TUERMLLIGICTLILY JUDEX Ol BiiTPAMEE OUTPUT

Stk
‘he cJdistinction betweenn the materisls thal are cuommarized nnder
thls heading and the ones that orecede 2ancd follow 1o largely in Lhe
emphesis ol the different studies The fociis here is con equipinent,
not the onerator, and in the in*elld.ibility of' the ouvtont of the

ouipment under simulated conditions of operation. IFlve illustrati

ive
stuules are swanarlized,

A, Stagcs Trom the tower to the aircraft ¢io. One voice re-
corded intelligibility 1ists from Form B "tapppo of " from various
links in a tower-to-vlane radio system: (a) alter the microphone pre-
ampliflier, (L) after the limiter, (c) after tie undersrround trans-

mission line i'rom the tower to the transmitter, (d) after the mecdulator
section ol the transmitter, und (e) from the sircralft receiver. the
recordin:; was made under the "natural™ ambient noise conditions
associlated with the station at which the recordins occurrec, The re-
cordec tests hecame parts of emonetration recording

L:
0

a i ¢ with cescriptive
expository materials interspersec and with enira lisius utilized for
comparisors oi alterra.ive equipfe* s ¢ bthe ziationse e recording
served as a coi.venient lindoctrination exemc e in expnlaystiorns of e-
quipmnens, as the sovecch signals could be "adminictered" in the marrer
of a routine intplll”ﬂbvlltv test Me results orf these céniristrations
in gquiet were retained Tor analvsis. Subsecuently, "he tesit lists vere
ecited from the recerdins snc mindiesterec to ¢ listerners in the

a I
orasence of 114 db of simulated rcraft roiee, propeller type, ard
again to 37 listerers with white rnioise intrcduced into ithe headset
line {-4 ¢b sienal-to-roise ratio, peal r.u.s. valoes)

i e

fhe alternative egoipments that were emploved ircluded: (a) a-
conderser snd a carbon : icronhone, (h) two pairs of transnitter-re-
ceiver comhinations, an HePLL transmitter (382 ke.) operating with
both 40 ard 90, modulstion and an associeted receiver, and a Vi ILi
trene~itter (125.5 mee) andéd arn associated ATC 1 werelver.

Iesults. TtThe recordings of the e%iwuli o! this etudy were neces-
garily nede in different fielc locations; anc were made with single
samples of -~z2ch plece of equipanent, #nd the precedin: in \termedlate
equiomerts. The principal contircls were (a) the samte voice throuqu-
out &nd {b) a voltmeter with which to lOthOP the input ol' the . zorder.
The recorded stlirmmli were copled on a pow level recorder {Au 1o Tevices,

Logger), 'his showeo that the renorulngs 'irn the tower" were Lf the

same level *1 db; the recordings "outside the +ower" varied X & db and
were less intense (median difference, 6 db) than the ones "In the tower,"

ience,; except (or a preliminary enalysis, -Lo two cets ol data wvere
treatea separately.

An analysls of wvariance was per.ormed witiz the mean reception score
of a liutPnLIt zroup Lo one condition in gulet constitut Lnk,a basl
measure. Lhus, columns renresented conditions (eOHinne ts) and rows,
pancls., <The analysis yielded hirhly sigpiiicant differences amors
concitions, ¥ = 10.21 (11 arnd ¢ d.fe)s The comparable
tor the pauels "in ncice" wera more variable iron
then the scoreg "in auied,”

recention scores
condifion to concdition

=10



In the tower, Uive btest 1ists
et Lh oufput oA a conderser microphone,
{two teSCS), (e} st Lhe output of ‘he ¢
and (d, e) at the ovtput of the limiting

condenser wicrophone {+wo bechs)
The Ffollowings values

were chteined
the microuphone stage
corresponcing
recorder

v 1
".LO"‘ (og

Vo A

sound prescu

are also enucerated.

ilecronhone
condernser

carkton

liwiter
conderser

with the liglerners

O
(=3

in

were reccrdeu
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chic level

MLia

elative BPL
lnes (Log

ab

w1

tower:s is, b)
same pre-anplifier as in c
nrpa-~amp]

Cutside Lhe towers Seven tesis vere orde¢ outside the Tovier:
(a) at the oubtput of the underrround btran Nis°1on line to the trans—
nitter; (b, ¢ at the oviput of the rniodulator sectiorn of the
tranamitter set.at 40; odulatien, and--tlrough alr pickv >--at t“e
output of Lihwe associated alircraft rec-iver AGsf with ta ~lans on
the rreundy (e, f) sane, L EF teensadibter with DB pefulatieon; &8¢ Ky o)
at the outopu< of the odulator section of the V.. transwmitter, lZL.&
ow g Mo 1oduLe*iOA, ar.d-~-+rrouch air picku#—-~ Lthe o *%tout of the
assccinted aireralt recelve FC=1 with zhs nlane or the ¢rounc. The
tect 1ist that was “ransmitted Crom the tower In all of these irstances
was initiated throush a cordercer nicreopnores,
The following relative articuletion ané sounc prefsure level values
are to be interoreted ir the wanner of the values in the fower (above .
Thus, tUith the listerers in noise the VIF Trersmititer rieldecd the highes
Intellizibilitr secored and the 3 trengiitter; 40 wodulation, the
highest solndé pressive pevels
Fereert elative
»letiye Scores ZFL Yalues
{a) inder-round Transniceior drne = & oAb
(v arsmitte: iy 40, sodulation = L = & 2b
(e¢) spansaibber . ey £8 odulatle - 7. = & &b
(¢) Transmitter VIV 200 seciilny lon 0,- -12 ab
{e) Lesaiver AIL &) Yronsulfter 40: (k) w58, ~ 7 &b
{7) feveliver A1C &) Yrensnitter T8 (o] -28;. -10 db
(Y Timeedver 't 18 Jirre itber 8. (4 - 4 =10 Jh
=17 =



ifferences betweer palrs of rc."t?ve intelligib lity values of &.
nay be mcceptcd as highly elmificant stotisticallye <‘hus, wlthin the
limits of a single system, onie voice, end the listerers resuo r~*%' T
114 db of noise somec conparizons are vnossible when cualilfled vy the
relative sirnal lovels of the tests. The condenser nilecrophone Ticldced
better scores in the tower thar did the carzon microphone; however, tne
present "limiting stage" 1s not well suited to the corcenzer microphcne,
Also, Increasing the percent modulation ¢f the ¥lkr transmitter frowm 40

to 8&. avparentiy 7i¢ nol beneit the listener, eslihough the dfflerences
in °WFT41 level oprevent a definite comparison. The VIF traneriitter end
its asgsocinted AKC 1 receiv r vielded hi~her reception scores than the _
CUTE ecnioments, 3
!
E, Sresck recenticn vis an inscri-tvre headeset (universal insert), '
Conventional military headseig 2r¢ criticized as bulky, hesavy, and ir-
convenient. Gore imvortartls, the hendse™ 1s 2 lin in the imperfect
commur.ication cystsm of the aircva?t. rovel heeccdsets Treoventiy "catch
or.."" rhe heasdset that vas %tested nand is the w»nject of this section
had “ecaunrht on" and reportz<dly wac heing purehascd a nuskher of pilots
as personal oroperty, The earrhones were conventi hearing aid
recsivers, tiounied on a ;“o—vvi_ht plastic=cover teel barnd, The
gizr.al wes I'ed to Tie efi through a ...etal tube £ 3 e Ir length and
1/5 ineh inside ¢laieter thet termirated in & smal estie "marble"
with o hollow sxis of 1/& inche. “This porcelain-li eraingl Citted

envely against the end 27 the ear canals

Cne voice recorded rour lists ol Iorm A of

intell‘ﬂlo'lw“v besta., The ”ecorﬂﬁ nirh-
2uelity cronhore. Jwenty-iour 5y servecd
£s 1i?17n810. (me listener wore ithe tas th
conver.tlonel headset (ii8=37}, “The third and rourth embers als: wore
t1:i¢ vair of beadsets over V-E1lI Bar 'srdens. (e listeners sat in
110 ¢b simmlated aircreft nolse, oroneller tvve. {he same our lis-
*ening staflone were vsed Throughout and vere rolated snon-~ the Ipur
evperimental conditions I'rom roud TO Sroup.

Fesgilts of the ¢6 listeners werec treated
thoourn ac ““rW. eadsets, 1 d.fe; ear warcdens, 1 d.f.;
Interactiony 1 4a4f.; an v 11s,” 82 d.fs . he regvective vari-
ances were 415, 1289, 4, and 144, ‘The b jatio wes i 2lvy cirmificart
in *he comparison ol "Har ‘serden” vs. "f'o Ear lerden,' and was sigi-

7y of Bhe B9

2

r
ficart below the L level of conflidence in the cownariso

e 1 der the four con=

headsetas. 'The mean values of the listerninsm scor
ditions vere:

Leadset Vitheut Tar ardens ith Bar Yardens .
ES=35 8550 80,
lest 3et vl 75,

ithe comparisoir i L Cs: b Alsgonlared o advantag intellipgibility,
and wnder the cirsuvmstances coi the e;peVimerﬁ, ear
gl 10 ; &

T
warcer.s were dele-
tarions To spee fact aoarsrtly ailfarg Fron

= T 1.
Lot v

1%
~18-



come previoug resgvlte, althonh the henefits 1. o1 mel recepiion that
have tren 7Tornd Lo &cnarue Trom thne se oi ecr deferiders 1z a funchion
of nolse level sand sirmnl-to-roise ratio (3,12,15).

C. Snecch recentlion vie ar insert-tyvpe herdset (fitted inserts).
Another insert-+vpe lecaset, one i nakt reprcser ted a considerable de-
~arture [rom convent.cnal desims, was testeds 1% contained no hesd-
band, o 1y two hearing-aid tyvoe receivers., These vere itted into tw
hearimﬂ—azﬁ tvpe ear molds, indlividually i'itted to the wearer, ana he
in positior by the =tructure of the pinna and the extrrmal auditory
meatus, Bar ardens would not be leasible with thils heasdsct, the re-
celver attachmerte tormine a cloze seal at “he ear i the seme space
that weould be occupied by ear Jefenders of the V-51L tvpe., ‘Therefore

G

/0
L

’
the srblective tests of the headset, insofar as thev Iinvolved speech
reception, were 1inlted to s direct connarison belweer. the new hercdsel
and the (i8-53 headsehbt., whe test hendegel vieldrnd a 10 db rreater out-
st than the HS-58 when the szme sijnial 'ed “he two. +‘he level of the

received =i 12l heins- svbject to the “ontrol of’ the overator in practics,
the tvo hecdsets viere ecuated prlilor to vord- tf'] ~ititity tests. he
equating was done throuh loudness halaice testcs X exnerienced
listeners with normal hearir«,  The relererice tes ral was a 1000
C.DeSe tone and the sntjeciive criterion level wvas "saxiswm comfort”
with the ©nS-J3 headset,

Oa

The 12 1lists oi orm: L of the multiple-cholice intellicibility
tests verec recorded in oniet by ihrec nale volces, ‘he three recders
spoike the lists in rotation. Jwentr-four experimer.tal subjiects heard
*he recorced tests. =all ol the lists were heardc throurh each of the
hesdsets urider comparison ~hite noise w4as introduced into the head-

“
v

set circuit In an anoun
aporoximately zero. In @

=
2K reiese sirnal-to-nolse ratio
e il or
lated a2ircraft nolse; ©oron

jsteners scat in 114 ¢&b

cant a2dvantagre of one headset over
on scores -‘or ths two mits were:
e

" g
adset, 25,0

Fesults, “rere vas no girnif
the other, "he mean sveech rc £
test 3insert nesdseu, <¢bH.C..; nE-33 D

A further compnarisconn was made to {ind wheither or not the irdi-
vidually fitted ear inserts wielded hirher intelli-ibiliity

i

acores thar
the same headsets without individuvally Citted ezr nolds.e Tach listener
resnonnded to ancther .orm of the mmitiple-choice tests, using Iitted
ear pileces .Jor half the lists, and not-litted ornes [for the other half,
In this cnmod“’qo' Lthere was no in-circnit noise, fhe Litted ear nmoldls

yield ¢ signilicantly ki her sccres tian tlie ones that were not fitted.

The mean spee,” recentlon scores vere: fitted, 7E,.; not fitted,

STCINR

U, The relative Intelliribility ol iicroplbones. One treatment in
the testing of the relative elI_ iency of micropinores Is to test ihem
with soeuker-listcner panels, !nlikke the headset, the icropvhone isg
"fixced” in input=cubtout ratio insofar as tre apezizer-cperator is con-
cerned, ioreover, & varticular microvhone is o be considered gs matened
te its amplifying systen, “ony\, the test cannot employ alternative

microphones zixply interchenred In the ssme cireuit, A oractice that
iz folloved 5 thove Leens is to establisw mleronhone clrcuita that
Jeliver the same voltare to the headseb 1 culct a speccn sional

-]lF-



is imvreszed on the wic e and to accompllish this with winimal overs-
londing or distortin ?n any part of the svsitem, A convenilent w<:sruice
signial Jevel 1s the modal r.me.s. peal value that 1s delivered by the car-
bon microplione to the hesdset in the "intercom" svetem of the aircraft
that the student pilot flles [{irst. ihen the multinle-choice Intellipi-
v1lity tests are recorded through a high fidelity microphore ard “uurd
in quiet over iS~-7%Z headsets, the tests yield a score of 964. 7lith the

Clu3u0ﬂ9 the score is anproximately ¢2%. ‘The reception scores
are further ettenuated by rediclng the level of clavback, by the Inlroe-
masking

noise in the circuit, or by surrourdinr the listener

Twelve exnerinertal subiects read the tests of rorms A, £, 21.¢ C of
the multiple—cncice irtelligibility tests in conjunctlon with three micro-
pnones the har d-held carbon microphene (LiS-38), the rcice carcelling

carbon m1ﬂroohore (l-aﬁ/o ar:d . commerical conder:ser microrhorie, Elev-
enn listerers resrondec Lo the,ﬁtsts as they were read, The three [orns
of the tect were egually rsvrecsertecd amonc the three mlcrenhones, h
proce UP is not recommended, lorm C yielding lower scores then Iorms A
g ceti

~ O

1

fact had not heen ascerta’recd e the nrssent anplics

[

significantly

nggerent frox

® - 273 7

r than t he value for the hnand-held micreophone but not
ch othpr.

Resvlts, 4An arnlysis of variarce ¢ the s eaxer scores vielcded the
tolloWing values: vario dicroohores 144,24, soeavers 112,20, re-
mainder 23,08 (2, 11, and .. resvectively); I, for microphones,
8.25 (highly significr .ti. The respective mean scores associated with
the three microphones were: hand-held, 70,0;:; nolse cancelling, T6 L5
and condenser, 75.8,:: Both of the latler two vealues were statistically

zhe
a

E. DBone=-conducted masking (5). An evslvation was made of a {light
helimeT that helcd l[our buzzers &t the head, one in eech aqvadrart gL the
approximate position of a hatband. (This equipment wes cdevised to be o-
persted with a code aud to replace voice communication between the stu-
dent pilot and his instructor in the cockpit.) The ecuipnent was de=-
scribed es opergt ing bactuvally; however, it yielded & considerable bone-
conducted auditory stinulus. Orie question arose f{rom the vessibility

that a buzzer sigal from the instructor ard a voice iumessale Trom a con=
trol tower might occur simultaneously and bone-conducted auvditory com-
ponert might serve to mask fthe air-cornducted stimulus. As a relevant
test, a recording wes prepered of Forms A and 2B of the multiple-choice in-
telligibility tests. The lists were read by one voice over a carbon
mlcrophone and later mixed with rioise to the extent that when played back
at "test level" the intellipibility of the recording was o8, Twenty-
four experimertal subjects heard the reccrdinrg in the presence of the
masking signal that resulted “rom «ne of tihe buzzers of the helmet sounding
continuouvsly.

Results. The mesn J“Lell‘r hility score ol the "6¢ . -record" was re-
= e ” o ; > -
duced to 527 when the recordin: was heard in tihe bresence of one buzzer.

n - § » | .
‘her the s=me condition was continued" with lislesece

in 110 db of simu-
iated aircrnL¢ ncise, propelier type, the mear intellicibility score of
the recordéin~ was 41., Thug,; the onnzer reduvced the score ol the re=-
cording 14,5 and the added masking eff'eat ©f the roon roise on the intelli-

~1dm-



ity score was 117, Thes maclidine effect of tlie {ro
r In thia seriec of comparisons wag not statistic
the atffect of elbther 110 db of room noise oi the c 3
vice 8=1, a "packare" that nrovidcs the maior phvsical re

\

for volce communication training (1Z).

APPLICAIICH 3: RESPONSE REALTNES

The experience is comion of rrassinge the meaning of a heard ctete-
ment "more slowly then normal" sone moments after the sigral has been re-
ceived., This experience is supposedly more frequent under adverse con-
ditions of listening than under lavorable cnes. Irtelligibility tests
are not "speed" tests and a correct resporse that is made two sece. after
a stimulus 1s heard is scored the same as & correct response that is
framed simultaneously with the reception of the stimulus., The multipie
choice intelliginility tests requlre but a brief time for indicating a
response, only sufficient for drawiiic a line through a word, Thus, if
more time is required to recormize word stimulil under some condition
than under others, the effect might be quantified by contreolling the in-
tervals between successive stimull. In tvrm, if the effect 1s related

to some portiori of the communication equipmesnt, the obtained measurenents

could be criterion scores relevant to the etiiciency of the equipment,

2
A
8

The Fesponse Readiness test is under cortinuing construction as an
instrunent to measure the relative cepacity of & plece of equipment to
be "understood" rapidly. As a first apprcximation, the latter six of 12
recorded multiple-cholice intelligibility tests were sc edited that pro-
gressively shorter time Intervals occurred bhetvieen successive groups of
words., The first six lists, of the 12, had six=sec. intervsls through-
cut between the Initiation o one test phrase and the initistion of the
next, The last six lists had progressively diminishing intervals from
3,5 to 0.6 sec, from the termination of one vhrase to the initiation of
of the next., Three vecices rotcted in recordinc the 12 speaker llsts
from Form C.

> md e~
&

Ao, A comparison of two microprhones. The recorded Response Read-
iness test fed twe comparison usmicrophores--one narrow and the other
1
S

o
broad band--thiat were posltioned at a fixed ard equal distance from an
"artificial volce” {loud-spealker) located in a sound treated mixing

room, The room noise was 100 db of white noise (Ceneral Radio meter,

C scale)s, Both the recorded signal and the noise fed the two microphones
yielding two indeperident signels roing through two matched channels and
alternately fed the earphone clrcult of paneis of listeners who sat in
gnother room in 114 db of simulated aircraft noise, propeller type., The
signal level was determined by a 1000 c.p.s. tone that was recorded at
peak r.m.s. speech level, Thils was 104 db at the headset when fed by

the narrow-band microphone and monitored by a wvacuum tube vcltmeter,
Eleven groups of listeners of 6-10 Intellipibility scores averaging
"nearset 50% each'" for the same one of the two microphores in the un-
spesded portion of the Response Readiness test, i.e., lists 1-6.

8
t
p

Results. The criterion microphore under the stipulated condition
ebove was the narrow-band with a msan intelligibility score, 50,0 .; I, 40,

! b
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Thls score was significantly superlor to the mean score {45.8) of the
broad=band microphone for the same pansls (L = 2,931; 3¢ d.l.). liowevsr,
The relaticnship wes reversed under the circumstance of "speeded-up"
speech, i.e.,, ilsts 7-12, The twc means were, broad-band, 47,753 nerrow-
band, 40.8% (t = 3.61; 29 d.f.). The following explanation is sugrested.
(2) The hroad-han microphone operated vnder a condivion ol relatively
attenuated “functicnal °*~Y°1-+n-noi°e ratlo, for it transmitted more of
the total noise spectrum than did the narrow-band microphone. Thus, the

104 éb signal level at the headset, as transmitted by the broad-bard micro-
phone, ircluded more high frequency energcy both within and above the speech
rarge than the siemal of the narrow-band microphore when operating at this
level, (U] As the listening diffiecvlties that were introduced by the Re-
sporise Readiness test Incressed, the broed-hand microphone operated ad-
vantageously (sse Figure 1). (c¢) The principal result suggests that low

distortion may "psy off"™ through facil*tatin" more immediate recognition
of words.

E, A compar
emolove in compar

aon of two headsets. The Response Readiness test was
ng two headsets In the manrer described above relative

tc microphone The signal was fed through a sirnrle broad-kbtend wmicro-
phone in the preseut comparison. ioreover, the comnarison invclved one
headset with fittecd ear molds and the exigencies of the situveation limited

f£he number of subiects to 13.

Like the microphones ahove, the two headsets could be cetegorized
as relatively broad-band (HS-23) and narrow-band. The brood-tand head-
set yilelded scores that were not siﬁnff*certly different between the
normal and the speeded portions of the test, + 1.6i: for the speeded por-
tion. The narrow=tand heedset, however, was significrntly peralized by
the speeded portion of the test, -6.89.

APPLICALYTON 4: SIGLAL-TC-NOTISE RATIO

Tte extreme negative value of signel-to-noise retio that has been
revorted in which word stimuli have been comnunicated 1s =-1€ dt, The
mat;i¥“&° of this ratio, hovwever, is dependent owu the test materials that
are used (12). The pos=ibility is freguently considered that both this
value and the intelligibillty scores that attend various signal-to-noise
retios are functions cf the transmission sguiprment In use, providecd the
language or stimmlus material is ol one level of difficulty. Th2 equip-
ment intelligibility scores for various signal-to-noise ratlos might be
considered as criterion scores in comparing ecuipments. The weight to
pe assifmed such differences, if present, cesnnot bLe sugrested a priori.
Ore decision that affects the experimertal nlarr at the outset Ts whether
the side-tone aspects of the testing situa tlor. are to be included in the
comparison or not. In the following 111ustrntion side-tone was not in-
cluded.

i. A comparison of two microphores (results incorclusive). A high
Gna1'ty recorﬂ?ng was nrepared In culet of the 12 lists of T'orm T of the
multiple-cholce intelliglb!lity tests. Cne volices reand the first six lists

) B



and a second volce the remcining llsts,

A comperlson was made of cwo discimilar microphones, one hroad-
band and the other narrow-bard (E3-2Z2), ‘The two microohories were fed
noise and the recorded intelligibility tests in a sound=treated mixing
room. The microphones were suppcrted so that thev were one-hslf iInch
from and errendicular to the plsne of the rim at the ovter flecture
polnt of a 1Z-inch loudspsaker (signal source). Another loudspes er,
four feet distant, fed 100 db of white nolse into the room (General Radlc
meter, C scale); the SPL reading at the microphone positions. The outi-
put levels of the narrow=band microphone were set such thet a 1000 C.De.s.
tcne of peak rem,8. volce level produced a signal-to-noise ratio of six
db at the neadsets The rstic was obtained whern the tonz and noise sig-
nals were neasured separately. The corresponding sl gnal-to-noise ratlo
on the wide-band microphone in this circumstance was tfour db., The re-
corded tests were presented to the microphones from the signal-source
speaker and altermately through the two mlcrophones in the mlxing roonm
to groups of 8-12 listerners per group until a total of 50 listeners had
rasponded, The listeners were in 114 db of simulated aircrsit nolss,
propeller type. The six succesalve word lists of one speaker were attenu-
ated in two-db steps., The original level was then re-set snd the rro=-
cess repeated for the listec of the second spezlcer., Subseqguently, the
procedure was repeated wl th different listerers and with simnlatecd air-
craft nolse, propeller type, replacing; white noise in the mixing room,.
Thus, six signal-to-noise ratios entered intc the tests, 6, 4, 24 By =2,
and =4 db (as measuvred with ths narrow~band svystem), the voices of two
speakers, and the cowmparisons were conducted in the presence of two types
of noise in the mixing room. After the arbitrary selection of the signal-

c-noise ratio at the outset, the levels were determinec by aitering the
playback of the word signals, not the nolse.,

Results. Although no statistical difflerence was observed between
the two microphones, little credence can be placecd in the outcome of the
test. The results are reported to i1llustrete a pecularity of the multi-
pLe-choice tests, The observed means In the present instsnce for the
six signal-to-rioiss ratios (microphones and rnoises pooled) were 25, 21,5,
2.5, 14.3, 9.8, and 5.8%. Each response on the test i1s a cholce of
four possible arswers, Thus a chance score, both theorctically and in
observed trisls when listeners have been instructed to mark every ltem,
1s 25%, This score can either be earned or gfuessed. Any lower score 1s
suspect. If the listener is "trylng," a lower score may indicate that
he zculd not follow the carrier phrase and hence made a few responses.
If the listener is frustrated beyond the point of "trying," the score is
meaningless. The present array of means (see Fipure 2)-=-which incident-
ally approaches linearity (Lindquist, Case IV)--cannot be interpreted in
terms of relstive measures of equipment. These results are aszumed to
indicate that the present “artificiel vojice" was unsatisfactory in re-
producing an effect comparable to in-circuit noise., The signal-to-noise
retios that were empleoved have operated satisfactorily with in-circuit
noise,

e A comp

arison of two headsets. 1he adminictration of the sig-
nal=to-rnoise ratioc tcst, az described In the preceding paragrapghs, was

-



sltered only *to the extent that 2 single microphone (F3-38) and a sincle
nctse (white) ware employed in the mixinz room., A rroup of 28 listeners
apparently well motivated participated. Their listener scores made pos=-
2ibl. « comparison hetviern bwo headsets, one 2 broad-vand zct (119-723) and
the other a narrow-band Insert-iype set, with fitted ear moldsa

Desults. The mery rolative scores (7)) vielded by the two headsets
were (see Figure 3):

S/N Broad-band llarrow=band
+6 384 €7

+ 4 25.9 32.2
+2 27.5 35,9

0 21.7 26,7

-2 17.2 15.6

-4 BiaiG 8.9

This group of scores sugzgests & possible way of avelding the diffi-
culty of "lower than guessed" scores, discussed immediately above (Aj,
Specificelly, the scores attending the brosd-vand headset were at leeast
as high as "guessed" scores throurh the siimel-to-nolse ratio 2 db., The
comparable and apparently sunerior value for the narrow=band unit accom=

panied O db. Hence, the possibility 1s under scrutiny that in comparisons
like the present one, a statement might be made, "one pilece o1 equirrient
exceeds another in a test that relies on a sirral-to-noise by X db (2 db
in the onresent instanc«!“--the criterion value being the level st which
fguessed scores are excecded, lowever, tests of sigrificence might still
derend on intellipiblilty scores, and in the present instance the scores
of 25 subjects on the overall test were not sl mificently different,

t = .93,

LYSUUSSION AL T SURMARY

This revort swirvs:s both (a), te illusirate avplications of the
multinle~choice tyve intellicibility tests In connection with an evaluation
of communication eculpment and the operatcr and (b), to present experiental
findings relevant to the equipment and the t allkker, I'or conver.ience, the
applications are groured under (a) voice sigmal, (b) the intelligibility
output of equipment, (c) "resoonse readiness," und (d) sirnal-to-roise ratio.
Only grouping ¢ is singularly related to the multiple-choice tests, Other-
wise any advantage of the multiple~-cholce tests over conventional write-
down tests lies in the ease and objectivity that attend scoring tle printed
arnswer forms and partizularly the possibility for machine scoring,

The mult

liaia =

tiple-cholce tests are diifferentlatirn; among different voices
and votece levels, mosking level, and equipuents of varyins efliciercy. The

Lo, ki
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Ssecii To Ve a convenient and reliable ilnstrumernt with which to test
erntional efficlency of ejulpment.

The multiple-chc ce intelligibility tests have two 1limitations. The
first is only present in greater degree In these tecrts than iIn conventicnal
write~dewn tests, (a) "o valid Interpretation can convaently be plsced
or. a panel score 0-235, thls being below the mean gfuessed score, (b) The
rigidity of the answer forms precludes the possibility of using the same
pariels of listeners endlessly, However, twc sets of tests, each of which
has two equivalent answer forms, reduces the gserionsress of this limita-

E

cicn. Moreover, multip1e use of the same printed form is in immediate
prospect, FEach szet includez 24 eguated tests,

The several examples that are included in this report serve ss ex-
perimental results. The practice of "validating" a test and 2t t he sane
time employing the results on which the test i.as been validated cen only

ar
a

3 o

be employed gvardedly. The several applications ¢ presented together

with the expectation that the largely consistent results add to the cone-
ficernce with which the individvual studies may be accepted and not viewed
only as "cross validation" of & testing nrocedure. 1. volce Sicnal
Application: (&) a visual monitoring device, set to guard "neormal®

éid not afrfect intnlligibilitv scores :lnﬁ'ficahtly; (r) irrepularly
spaced volce siznals are not less intellisible than regulerly space’ ones;

level,

~ARC T

{c)} the live voice is more intel llrﬂ»ln thfn the r°corded voice, but the
order of relative merit is not 2ltared pecording (d) wi.en Talkirg in
quiet, the spesker apparently moniicrs his evel hv ailrborme s de-ton
and (e) decrements in the level of side-tone increas~ both vocal sound .
precssure level and intelligibliity scores 2. The Intslligi% 1w+v of
Equipment: (&) equipment in tower-to- plane redio comminication varies in
Intelligibility as a function oI the resovonse charscteristics of tbe €~
gulpment or the “ond width and the percent modulation; (b) the usefulrness
of ear wardens Iun imiivovino Intelligibility should bhe rescvdlec' (c) a
single buzzer coupled to the head to convey a tactile signal is severely
masking., 3. "Response Deadiness:" or speedins up the presentation rote
of zuccessive test items, the Jice—ﬂauf equipment appears tc give a sig
nal that is more readlly underatood than cdoes narrow-vand eguipment,
4, Signal-to-nolilse Ratio: adverse signai-to-roise rntios ap-ear to
alin

L LOUD Qo w4l
per.a 7e the Iintelligibility scores of brord-bhand eguinment,

e
‘e Crd

P

=

llatters of procedure in condnctin~ tects to vield quantitative sub-

ctive measures of intellicibilit» are UtbP“CLLLC. Jor examnle, the
ilization of a tape o1 disc recording link in the testing system is

ething related to whether side-tone 1s to be included as a contributing
rcwmetnnce in the test cr not. E=xemple at a microribone is encineered

an applicnation that includes a fixed relationship between the level
eide-tone and the operation of the microphorne. Example E: a uicro=-

is developec feor a systenr that pernits tle level of side-tone ts be

SO 0 0.
0 M() ot @
"5

tered., Wxample ¢: a microphone 1s cdeveloped for z gystem twn' yields
‘ce~tone., Bramples a arnd b nrobably call for =maximun utili.ation of

ve volce Iin tne testing neuu\rL, at leost wntll the vecal recovonse of

lkers g a function of side=tore varisbles is determined, kxample c
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cen be accommodated ecually well by live voice or recorded siynal, liow-
ever, as a gjulde to tne laboratorics on? electronic centars 1n which
microrhones are developed, functiciie «<hiould e heloful that are derived
Tpom the adiinistration cf recorded tegts that exceed the vocal dimensiorns
that may accompany the side-tone characteristics nresently engineersd.
Possibly the most severe testz to which the multiple~choice in-
telligibility tests were subjected in the course of the trlals reported
here were the ones in connection with the minor alterations in the gicde-
tone channel in gquiet. I'irst, the changes In the monltoring system
were slight; and second, the scores were high, presumably in an atypical
portion of the range of the test, towever, the test was discriminating.
The tests are being explored furthier to discover the relaticnship between
score and both level and band width.
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APPRENDIX A

Pirectiones for Speakers in the liultiple-Cholce Tests

This tsstv will prove Interesting to you., It will demecnstrete to

each of you, and to the remainder cf the group who aire to serve as your
listeners, how efficient you are as a spesker undsr conditions of (de-
scribe conditions, i.e., 110-114 db of recorded aircraft riolse, class=

room quiet, etc.). The words jyou speak are to be read from the small card
(8" x 7") that is on your desk. As an i1llustration, suppose yvour card con=
teined the following words, "I am Spesker One. I say again, I am Speaker
Or.e. 1y name 1s Doe, J. G. Iumher 1 mortar shut assist., Number 2 blimp
injure lmob. Number 3 gliding bsttle ignite.” You wouid read it as I 3id,
You may have noticed that I said the icentifyin; Infermation, sresker
number and name, without attertion to the clock (sweep-hand timer), Then

T weited uw:itil the hand pointed to 12 to reed "Number 1 mortar shut assist."
The hand goes around in 6 seconds. Vhen it hit 12 arain, I ssid, "lmber
2, etc."” Then the next time it pasced 12, " umber 3, etc." This pacing
of the lines allows the listeners time to respond. You may have noticed
elso that T read "Number 1 mortar shut assist" as s unit, a phrase, as if
the words were a sentence and made sense., Thev usually don't, buc read
them as though they do, as a group, all on one breath, Thlis permits you
to read each line with the natural speech patterns of ordinary sentences,
Remember: (a) read from the card; (b) say uhe introductory material when
it is your turn to taik; then watch the clock and when the hend resches

12 start with "”umber 1, etv. Vieit until Ehe clock 1s at 12 again; then
™iumber 2, etc.”; (¢) read "naturally" with each grovp of three words--
arnd the word number and a digit that come before the three words-- said as
a single bbrase 2s if the lire made sense, all or or= treath, (Questions
are CdLlCd for; if ncue, an informal summary or iLhe ianstructions is re-
peated. )



APPENDIX B

Directions for Listeners in thes ulticle-Cholce Tests

You are golng to hear a seriles of grouns of three words. From your
responses we can measure both the intelligibility of the individual(s)

who read the worda and your efficlency as a listener In a communication
situation (the particular listening envircnment 1is then describedj. Let'’

LeV '8
look at the front cover «f your answer form. You will hear:

This is speaker test Form__ . I am Speaker 1; I say again,

I am Speaker 1, !y name 1s iwoe, J, J. (panuse) number 1 mortar
shut assist (pause) number 2 blimp injure imob (pause) number 3
gliding battle ignite,"

<,

You will notice that for each word I reed there are four possible choices
or. the cover »f your answer form, You heard me say, "l'umber 1 mortar
shut assist:" The first word after "lumber 1" wes wmorter and appeared
in the first group of four wrds., Tie second word shut was found iIn the
second group of four words of lLumber 1 and the third wrd assist you
fourid in the third group of four words of lLumber l. Your response wes to
drew a line through the word you heard, making one mark in each group of
four words, Erasures are permitted, {(Repeat the explenation for ex-
amples lumbers 2 end 3. Questions are called for, ) Iach speaker will
resd nine (or eigbt in Forms A anad B) groups of three words., ‘irite the
spe-leris =ame as yon hear it in the space above the list he reads. Re=-
sizincer, draw a line throvgh the words you hear, or think you hear,
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